The impacts of economic and demographic variables on the demand for food grain commodities in urban Jiangsu province of China are estimated, using both the QUAIDS and the AIDS models. Results show that the demands for wheat flour and coarse grains are priceelastic while the demands for rice and grain products are price-inelastic. Certain demographic variables show as having a significant impact on food grain demand. Finally, a decomposition of causes of changes in rice consumption over the period of 1995-2007 is performed.
Food grain consumption in urban China has decreased dramatically over the past decade. Per capita at-home consumption of food grains declined from an annual average of 93.5 kg during 1995-1997 to 79.1 kg during [2002] [2003] [2004] . The dramatic decrease in food grain consumption is a reflection of an overall change in consumers' diet in urban China toward more meats, fish, milk, and fruits. Not only has the per capita total volume decreased, the composition of food grain consumption of urban households has also changed significantly. Between the periods of 1995-1997 and 2002-2004 , the average annual per capita rice consumption declined from 54.0 kg to 43.4 kg, a decrease of 19.6%; wheat flour consumption decreased from 20.9 kg to 12.5 kg, a decrease of 40.2%; while consumption of coarse grains increased from 2.3 kg to 3.0 kg, an increase of 27.0%; and consumption of grain products increased from 16.2 kg to 19.8 kg, an increase of 22.3% [China's National Bureau of Statistics (NBS), [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] .
China is the world's largest producer and consumer of both wheat and rice. Prior to the mid 1990s, China was one of the largest wheat importers in the world. As China's government embarked on a self-sufficiency campaign to boost wheat production in 1995, China's wheat imports have remained low and erratic since 1997, mainly depending on the domestic production situation (Carter and Zhong, 1999; Lohmar, 2004) . Contrary to wheat, China has been an exporter of rice in the global market. Considering that urban residents account for more than 40% of China's total population and this urban population share is expected to grow to 50% by 2020 (Hsu, Chern, and Gale, 2002) , the changing food grain consumption patterns in urban China have the potential to significantly impact both the domestic and the world food and feed grain markets. For example, the continuous decrease in per capita consumption of wheat and rice since the early 1990s has caused China to grow less wheat but more corn in order to meet the feed needs of a growing livestock industry in China. Moreover, China has used some low-quality wheat and rice for livestock feed in recent years. These recent changes in the cropping structure and the usage of wheat and rice suggest that while China might retain its long-term self-sufficiency objective for wheat and rice until 2020, it will produce more feed grains than its current levels.
1 This prospect has important repercussions for grain exporting country producers, such as those in the United States and Australia, who have viewed China as a potential large destination for wheat and feed grains.
There have been several studies that have focused on the demand for the broad category of food grains in China; however, only a few have analyzed the demand for individual commodities, namely rice, wheat, and coarse grains. Table 1 provides a summary of these studies (Carter and Zhong, 1999; Fan, Wailes, and Cramer, 1995; Gould and Villarreal, 2006; Huang, David, and Duff, 1991; Liu and Chern, 2003; Peterson, Jin, and Ito, 1991; Wu, Li, and Samuel, 1995; Zhuang and Abbott, 2007) . Although all of the above studies are consistent in showing an inelastic demand response to ownprice and income changes, the elasticity figures vary considerably. Variations in estimation procedures, data (annual aggregate or household-level), and data period might explain the differences in elasticity estimates. Nevertheless, considering the significant changes that have occurred in urban household food consumption since the mid 1990s, the findings from previous work may no longer be applicable.
2 Moreover, few studies have explicitly addressed the impact of both economic and demographic variables on the consumption of food grains in China using household survey data. Therefore, an updated study of the demand for disaggregated food grain commodities will be useful for marketing and policy recommendations.
In this light, the overall objective of this study is to estimate the impacts of economic factors (prices and expenditures) and noneconomic factors (demographic variables) on China's urban household demand for food grain commodities. Specifically, this study has two objectives. The first is to estimate a complete demand system for four food grain commodities: rice, wheat flour, coarse grains, and grain products, using a more recent data set-NBS urban household survey data for Jiangsu province in 2004. Given that rice is an important component of food grain demand in China, the second objective is focused on the analysis of demand for rice. More specifically, through a decomposition analysis, the contribution of demographic and economic effects to the decline in rice consumption in urban Jiangsu province during the period of 1995-2007 is measured.
This study focuses on urban consumer food grain demand in Jiangsu, one of China's major provinces with a population of over 70 million in 2004, accounting for 5.3% of China's total population. Geographically Jiangsu province consists of two parts, one to the north and another to the south of the Yangtze River. The southern region of Jiangsu is more economically developed with its consumers having a larger per capita income and different food preferences compared with the northern region of this province. In general, people in the south prefer to eat more rice; while people in the north like to have more wheat products in their diets. Thus, Jiangsu province may be viewed as a miniature China, consisting of regions with differential economic development levels and a large population with diverse food consumption habits. A study of consumption of food grains in urban Jiangsu is expected to shed light on the national food grain demand. Understanding the demand for food grains and the factors affecting it in urban China would be 1 According to the Mid-Long-Term National Grain Security Plan (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) (2019) (2020) issued in November 2008, the government of China will maintain grain self sufficiency rate at above 95 percent through 2020. China defines grains to include wheat, rice, corn, legumes, and tubers.
2 China's government has introduced a set of policies in cities and towns aimed at transferring the responsibility of education, health services, and housing from state-owned enterprises and public institutions to individuals themselves since the mid 1990s. This transfer of responsibilities from the local governments to individuals has caused a diversion of expenditures from present consumption to savings for protection against future economic uncertainties. The structural change in China's welfare system, along with the rapid economic growth in urban areas since the mid 1990s, suggests that estimations based on the earlier data would no longer be an accurate reflection of the current urban household food consumption patterns. useful to policymakers, marketers, and food processing firms in developing effective policies and marketing programs. The remainder of this study is organized as follows. A model of urban household demand for grain commodities in China is presented in the following section. Data and estimation procedure are then described. Results of the economic and demographic effects are presented next, followed by an analysis of rice consumption over the past decade. This study ends with the summary remarks and conclusions.
Model Specification
The quadratic almost ideal demand system (QUAIDS), developed by Banks, Blundell, and Lewbel (1997) , is used to estimate a complete demand system for grain commodities for urban households in China's Jiangsu province. In addition to having the same degree of price flexibility as the usual AIDS (Deaton and Muellbauer, 1980) and translog (Christensen, Jorgenson, and Lau, 1975 ) models and having the AIDS model nested within it as a special case, the QUAIDS model has the income flexibility-having leading terms that are linear in logarithmic income while including the empirically necessary rank 3 quadratic term, which provides a sufficiently general approximation to the Engel relationship in the raw microdata (Banks, Blundell, and Lewbel, 1997) . Assuming that the studied food grain commodities are weakly separable from other at-home food items and nonfood items in the consumer's budget (Figure 1 ), the QUAIDS model for grain commodities is given as:
where subscripts i and j indicate the studied grain commodities (here, rice, wheat flour, coarse grains, and grain products), and h 5 1, . . . , H representing the number of surveyed households; g ij, b i , and l i are parameters to be estimated; w ih is the share of total grain expenditure allocated to the ith grain commodity for household h; p jh is the price of jth grain commodity for household h; m h is the hth household expenditure on grain commodities in the system; u ih is an error term; a(p h ) is the price index for household h and defined as
and b(p h ) is the Cobb-Douglas price aggregator for household h and defined as
Demographic variables that affect food grain consumption are incorporated into the model by allowing the intercept in Equation (1) to be a function of these variables. That is,
where r i0 and the r ik are parameters to be estimated, and d kh represents demographic variables (k 5 1, . . . , K) which are considered in this study. The demographic variables include region dummy variable (south versus north), city size dummy variable (city versus town), household size variable, ratio of the number of seniors (aged 61 and above) to total household members, ratio of the number of children (aged 17 and below) to total household members, dummy variable reflecting the educational levels of household heads (college and above versus others), and ratio of expenditures for food-awayfrom-home (FAFH) to total food expenditures. The properties from neoclassical demand theory can be imposed on Equation (1) by restricting its parameters using the general properties of demand. The adding-up restriction is imposed as:
Homogeneity is imposed as:
Slutsky symmetry is given by:
(5c) g ij 5g ji for any i and j.
Given the likely correlation between u ih and the logarithms of expenditure variables, ln(m h ) and [ln(m h )] 2 in the QUAIDS specification, an endogeneity problem might exist leading to biased model parameter estimates (Blundell and Robin, 1999) . To control for the expenditure endogeneity problem (Henneberry, Piewthongngam, and Qiang, 1999) , a nonlinear full information maximum likelihood estimation procedure is used in this study. As pointed out by Dhar, Chavas, and Gould (2003) , this procedure can generate consistent and asymptotically efficient estimates under the assumption that the error terms are normally distributed. Similar to Blundell, Pashardes, and Weber (1993) , a reduced form expenditure equation in this study is specified as:
where m h , d lh , and p rh are the variables defined above; y h denotes disposable household income for household h, which is used as an identifying instrument; and a 0 , a l , a r and e y are parameters to be estimated. Note that e y is also the income elasticity for grain expenditure.
Data Set
The data set used for this study was collected by NBS for Jiangsu province in 2004. The NBS conducts a nationwide urban household survey annually to collect extensive socio-economic information on income, consumption, employment, housing, demographics, education, and asset ownership. The survey is China's primary source of information on its urban residents. Since 2002, the survey sample has included households registered in an urban area and those who lived there at least 6 months but are registered elsewhere, which means that the survey includes both urban households and migrants from rural areas. This change in survey population inclusion makes the current survey data more representative of all income classes than those collected prior to 2002. The survey data are compiled from diaries of income and expenditures kept by the chosen households over the course of an entire year. Thus, the data set used for this study reflects actual consumption patterns of the surveyed households during an entire year. The sample of households selected for the survey in Jiangsu province has a total of 4,600 households in 28 cities and towns in the province in 2004. Data for a total of 922 households are used for this study. These households are drawn randomly from the 4,600 sample households. Moreover, after deleting two households with missing observations for four grain items, Figure 1 . Household Utility Tree for Food Grain Consumption in Urban Jiangsu, China a total of 920 households are actually used for this study. Four grain commodity categories that are analyzed in this study are: rice (including Japonica, Indica, and Glutinous rice), wheat flour (standard-and premium-grade flour), coarse grains (including corn, millet, and oats), and grain products (including uncooked and cooked products, such as steamed bread, noodles, and dumplings).
Households report their grain expenditures and the physical quantities that pertain to their consumption of grain commodities in the survey diary. Commodity prices are implicit prices, obtained by dividing expenditures on quantity consumed by the quantity consumed. Thus, the calculated price is not a uniform exogenous market price of a particular grain commodity; but instead, it reflects household food quality choices as well as price variations (Yu and Abler, 2009 ). For example, within the broad category of rice, there is a scope for household choice with respect to the type of rice, appearance, stickiness, fragrance, and nutrient content (Gao, Wailes, and Cramer, 1994) . The quality and price adjustments can be made utilizing the procedure proposed by Cox and Wohlgenant (1986) . However, not all households purchase all the four studied grain commodities during the survey period. The data set used for this study indicates that zero expenditures are reported for rice, wheat flour, coarse grains, and grain products for 5.65%, 38.91%, 28.70%, and 0.76% of households, respectively. The nonpurchases could be due to no preference for the commodity or survey errors because the data are from a household's diary for food consumption/ expenditure over an entire year. The missing prices resulting from the nonpurchases are handled using Heckman's (1979) sample selection procedure in this study. Specially, the first step of Heckman's procedure is to estimate a univariate probit model separately for rice, wheat flour, coarse grains, and grain products using complete observations in order to compute the inverse Mills ratios for each of the four studied grain commodities. The estimated inverse Mills ratios are then incorporated into the second step hedonic price equations provided by Cox and Wohlgenant (1986) using the observations for consuming households so as to account for any bias resulting from zero values in the dependent variables. The resulting relationship is used to generate corresponding quality-adjusted prices for grain commodities for those consuming households, while the average quality-adjusted prices estimated with this procedure are set to equal the missing prices for nonconsuming households [see Zheng and Henneberry (in press ) for detailed explanation]. Table 2 contains summary statistics along with a description of the demographic variables. The average per capita disposable income reported for 2004 is 10,538 Yuan (equivalent to U.S. $1,302 using 2004 nominal exchange rates), while the average per capita grain expenditure is 240 Yuan only. Thus, the per capita grain expenditure in urban Jiangsu accounts for a marginal share of the per capita disposable income. The budget shares for rice, wheat flour, coarse grains, and grain products are 62%, 6%, 3%, and 30%, respectively, in urban Jiangsu. These statistics indicate that rice is the dominant commodity in the consumer food grain diet in urban Jiangsu. In addition, as shown in the table, the low percentage of the number of children and the high percentage of the number of people aged 61 and above indicate that population in urban Jiangsu has been aging. This aging of the population has been attributed to government policies advocating later marriages, fewer births, and one birth per couple in urban areas. This changing age structure of the population has had a notable impact on the composition and quantity of foods consumed (Zheng and Henneberry, 2009) . It is expected that the changing age structure of the population in China has also had an impact on the composition and quantity of food grains consumed.
Estimation Procedures
This study employs the consistent two-step (CTS) estimation procedure for a system of equations with limited variables, proposed by Shonkwiler and Yen (1999) , to account for zero expenditure shares resulting from missing values. The first step of CTS procedure involves a probit regression to determine the probability of purchasing a grain commodity. Different from the approach suggested by Shonkwiler and Yen (1999) , who employ a univariate probit model in the first step estimation, this study adopts a multivariate probit model so as to account for possible correlation among the four studied commodities (Pan, Monhanty, and Welch, 2008) . With the maximum likelihood method, the multivariate probit regression is estimated simultaneously for rice, wheat flour, coarse grains, and grain products using all observations. The explanatory variables used in the estimation are demographic variables that are the same as those used in Equation (4), logarithms of prices for the four studied commodities, and household income. From the multivariate probit estimation, the standard normal cumulative distribution function (cdf) and the standard normal probability density function (pdf) are calculated subsequently for each commodity related to each household. In the second step, the calculated cdf and pdf from the first step multivariate probit regression are augmented in the QUAIDS specification to generate a model that is used in this study. This model is specified as: a Statistics refer to food-consumed-at-home data. b Ratio of seniors, ratio of children, and ratio of FAFH spending refer to the ratio of seniors (aged 61 and above) to total household members, the ratio of children (aged 17 and below) to total household members, and the ratio of food-away-fromhome spending to total food expenditures, respectively. Source: Calculated based on the NBS data regarding 920 households in urban Jiangsu, China, 2004.
where s ih is the observed share of total grain expenditure allocated to the ith grain commodity for household h, w ih is the determinant part of Equation (1), F(Á) and u(Á) are the calculated standard normal cdf and pdf for household h for commodity i from the first-step estimation respectively, z h is a vector of explanatory variables in multivariate probit estimation, t i is the vector of associated parameters for the ith commodity in multivariate probit estimation, d i represents the covariance between the error term in QUAIDS model and error term of multivariate probit model (Shonkwiler and Yen, 1999) and is also the parameter to be estimated in equation above, and z ih is the heteroscedastic error term.
3
One issue associated with the use of CTS procedure is that the adding-up condition does not hold in the system of Equation (7) [see Yen, Kan, and Su (2002) for a detailed explanation]. To correct for this problem, the approach proposed by Yen, Lin, and Smallwood (2003) is used in this study to treat the nth good as a residual category with no specific demand of its own. More specifically, the first n 2 1 equations in the n-good QUAIDS system are estimated along with the following identity (which may be viewed as the adding-up restriction):
where s n is defined as the budget share of good n as a residual share. A drawback associated with this approach is that the resulting estimates will not be invariant to the residual good selected (Yen, Lin, and Smallwood, 2003) . However, ''if there is a natural choice for this residual good, invariance is not of primary interest'' (Yen, Lin, and Smallwood, 2003, p. 460) . For this study, the coarse grains category fits into the residual good category because it only accounts for less than 3% of total grain expenditures in urban Jiangsu. Hence, the four-good augmented QUAIDS system [Equation (7)] is estimated for three grain commodities encompassing rice, wheat flour, and grain products, simultaneously with the grain expenditure equation [Equation (6)], using the full information maximum likelihood estimation method, with homogeneity and symmetry imposed. Because common price variables are used in both the multivariate probit and the QUAIDS estimations, the full effects of changes in a price on grain demand should be taken into account. Hence the uncompensated (Marshallian) price elasticities for rice, wheat flour, and grain products are adapted as follows:
where t ij denotes the parameter for the price of jth grain commodity in the first-step estimation, and d ij is the Kronecker delta (1 if i 5 j and 0 otherwise).
4
The expenditure elasticity of demand for rice, wheat flour, and grain products is defined as: (10) e i 51 1 w
Price and expenditure elasticities for coarse grains category are derived using the adding-up restriction [Equation (8)] specified as: The compensated (Hicksian) price elasticity of demand for the studied goods is given by: The income elasticity for the studied goods is given by: (13) e yðiÞ 5e i e y , where e y is the estimated parameter of the household income in the reduced form expenditure equation [Equation (6)]. Similar to the uncompensated price elasticities for rice, wheat flour, and grain products, the demographic elasticity of demand for the three commodities should also reflect the full effect of changes in a common demographic variable on the grain demand. Thus the demographic elasticity for the three commodities is derived as:
where t ik denotes the parameter for the kth demographic variable in the first step estimation, and d k 51 if d k is a binary variable (1/0) and the mean of the variable otherwise. The demographic elasticity for coarse grains category is calculated directly from the parameters of the adding-up restrictions. That is, the demographic elasticity for coarse grains category is given as:
Empirical Results

Parameter Estimates
Parameter estimates and error correlation matrix from the first-step multivariate probit estimation is presented in Table 3 . While many of the parameters in the participation equation (i.e., the multivariate probit model) are statistically insignificant, variables associated with south, city size, household size, ratio of seniors to total household members, ratio of children to total household members, ratio of FAFH spending to total food expenditures, and prices play a role in determining the consumption of grain commodities in urban Jiangsu. It is of interest to note that among all food grains, the household income only has a significant influence on the probability of consumption of coarse grains which consists mainly of corn, millets, and oats. This finding is consistent with the current consumption patterns of urban China consumers and reflects consumers' view of coarse grains as having a higher nutritional value as compared with rice and wheat products (Wang and Zhou, 2005) . Additionally, four of the six error correlation parameters are statistically significant (Table 3 , last 3 rows), suggesting the correlation among four types of grain commodities. In this study, the demand system for grain commodities is also estimated using the AIDS specification developed by Deaton and Muellbauer (1980) . The parameter estimates and the adjusted R 2 of the QUAIDS and AIDS models for rice, wheat flour, and grain products, as well as the reduced form equation for grain expenditures, are reported in Table 4 . The AIDS model is nested within the QUAIDS through the joint hypothesis that l i 5 0"i. As shown in Table 4 , the estimated value of l i is statistically different from zero only for rice, which suggests nonlinear Engel curve with respect to the logarithm of total grain-expenditures on this commodity. However, when the AIDS restriction, as described above, is imposed on the QUAIDS specification, the likelihood ratio statistic of 58 is obtained for the AIDS versus the QUAIDS. This likelihood ratio indicates the rejection, at the 1% significance level, of the null hypothesis that the AIDS and QUAIDS models are the same. From the statistical test results it is concluded that the QUAIDS model is superior to the AIDS specification in this particular application. Additionally, parameter estimates for the standard normal pdf (d i ) are significant in the equations for rice and grain products respectively, providing evidence that it is important to account for zero observations in these commodities.
Economic Variable Impacts
Price, grain expenditure, and income elasticities, using both the QUAIDS and the AIDS specifications, are presented in Table 5 . All these elasticities are evaluated on the basis of parameter estimates and sample means of explanatory variables. Standard errors for these elasticities are derived using the delta method. Consistent with economic theory, all uncompensated (Marshallian) own-price elasticities are negative and significant at the 5% level. The uncompensated own-price elasticities for rice, wheat flour, coarse grains, and grain products are 20.93, 21.95, 22.16, and 20.79, respectively. Similar to their uncompensated counterparts, all compensated (Hicksian) ownprice elasticities are negative and significant at the 5% level. The compensated own-price elasticities for rice, wheat flour, coarse grains, and grain products are 20.30, 21.84, 22.14, and 20.57, respectively. While the uncompensated own-price elasticity for rice from this study is close to those reported by past studies (Table 1) , the uncompensated own-price elasticities for wheat flour and coarse grains from this study are notably larger in absolute terms than those found by past studies.
With the positive signs, the compensated cross-price elasticity estimates show that all the grain commodities are net substitutes. As shown in Table 5 , the cross-price elasticity of wheat flour with respect to the price of coarse grains is 1.41, and the cross-price elasticity of coarse grains with respect to the price of grain products 3.03. Consequently, the demand for wheat flour is expected to rise markedly as coarse grains category becomes more expensive relative to wheat flour. A similar situation holds for the consumption of coarse grains as grain products category become more expensive relative to coarse grains. Additionally, while six uncompensated cross-price effects are negative, all the compensated cross-price Single and double asterisks (*) denote significance at the 10% and 5% levels, respectively. c u indicates the standard normal pdf estimated in the first-step multivariate probit regression. Table 5 . Single and double asterisks (*) denote significance at the 10% and 5% levels, respectively.
effects are positive, indicating that the income effect outweighs the substitution effect in 6 of the 12 cases (Table 5) . Grain expenditure elasticities indicate the percentage change in quantity demanded of a grain commodity in response to a 1% change in total grain expenditures. The expenditure elasticities for rice, wheat flour, coarse grains, and grain products are 1.02, 1.92, 1.59, and 0.72, respectively (Table 5 ). The relatively low expenditure elasticities for rice and grain products in this study are consistent with the dietary habits of consumers in Jiangsu who use rice and grain products as their main staple grain commodities (accounting for 60% and 30% of total grain expenditures respectively) and consider these grain commodities as being more important as compared with other grain commodities.
Wheat flour and coarse grains in this study have relatively higher own-price and expenditure elasticities in absolute values as compared with rice and grain products. This finding seems to be contradictory to the fact that wheat flour and coarse grains only account for a marginal share of total food grain expenditures spent in urban Jiangsu (6% and 3%, respectively). However, a careful examination of the data used in this study reveals that these elasticity estimates may be reasonable. Wheat flour is consumed mainly by relatively low-income households in the north of Jiangsu province. Given that the unit value of wheat flour for consuming households is the lowest in the four studied commodities (Table  2) , these low-income consumers in urban Jiangsu, who have been with wheat products as their staple grain commodity, might be highly responsive to changes in own-price and grain expenditure. In contrast to the case of wheat flour, the coarse grains category is mainly consumed by high-income consumers. Considering that coarse grains in urban Jiangsu serves as a complement to rice and grain products in consumers' diets and the consumption of coarse grains has a positive relationship with per capita disposable incomes, the own-price and expenditure elasticities for coarse grains category is expected to be higher in absolute terms than those for rice and grain products.
5 Nevertheless, more research is needed for confirming this finding in other southern urban provinces of China.
The income elasticities for rice, wheat flour, coarse grains, and grain products are 0.15, 0.29, 0.24, and 0.11, respectively. Contrary to the studies by Peterson, Jin, and Ito (1991) and Carter and Zhong (1999) that indicate rice and wheat are inferior goods in China and in rural Jiangsu, respectively, the results from this study support the findings from Fan, Wailes, and Cramer (1995) ; Gould and Villarreal (2006) ; Huang, David, and Duff (1991) ; Liu and Chern (2003) ; Wu, Li, and Samuel (1995); and Zhuang and Abbott (2007) that rice, wheat, and coarse grains are normal goods in urban Jiangsu. Moreover, these income elasticity estimates are relatively lower as compared with those found by past studies (Table 1) . This study uses the most recent urban household survey data that show consumers in urban Jiangsu earn more income on a per capita basis now than the periods covered by past studies. Consequently, the relatively low income elasticities for grain products from this study suggest that urban consumers in Jiangsu may have become less responsive to per capita income changes as household incomes have increased. 5 According to the data used in this study, 158 households (146 in the north and 12 in the south), with per capita consumption at 10 kg and more, purchased approximately 86% of the total amount of wheat flour; whereas 107 households (103 in the north and 4 in the south), with per capita consumption at 20 kg and more, consumed about 76% of the total amount of wheat flour. Additionally, the average per capita income for the former is 8,669 yuan while the income for the latter is 8,124 yuan. These per capita income figures are much lower than the provincial average (10,538 yuan). For coarse grains, 88 households consumed 50% of total amount of coarse grains where the per capita consumption is at 5 kg and more; while 26 households consumed 26% of total amount of coarse grains where the per capita consumption is at 10 kg and more. In addition, the former has an average income of 13,180 yuan, while the latter has an income of 14,896 yuan. These averages are much higher than the provincial average.
Demographic Variable Impacts
The effects of demographic variables on the demand for grain commodities, as measured by the estimated demographic elasticities of demand, are presented in Table 6 . According to the results in Table 6 , households living in the south of the Yangtze River tend to purchase more rice but less wheat flour, coarse grains, and grain products. The finding is consistent with consumers' general food preferences in urban Jiangsu that for consumers living to the south of the Yangtze River rice is preferred to wheat products. City size shows as having a significant impact on the consumption of rice and wheat flour. Relative to households living in a city, households living in a town tend to consume more wheat flour and less rice. Because, based on the data used in the study, two-thirds of households living in towns are located in the north of the Yangtze River, the results may also reflect consumers' food preferences in urban Jiangsu that for consumers living to the north of the Yangtze River wheat products is preferred to rice.
Household size has a positive relationship on the demand for rice, but a negative relationship on the demand for wheat flour and grain products. Households with more seniors (aged 61 and above, ratio of seniors in Table 6 ) tend to consume more rice but less grain products. In contrast to the variable related to the ratio of seniors to total household members, households with more children (aged 17 and below, ratio of children in Table  6 ) tend to consume more grain products but less rice and wheat flour. Thus, the change of the household size and the population age structure that is currently taking place in China is expected to have a notable effect on the composition and quantity of food grains consumed.
Results from this study show that variables related to educational levels of household heads do not have a significant effect on the consumption of food grain commodities in urban Jiangsu, although they show as having an impact on the broad category of food grains in urban China (Yen, Fang, and Su, 2004; Zheng and Henneberry, 2009 ). The ratio of FAFH spending to total food expenditures has a positive effect on the consumption of grain products, but a negative impact on consumption of rice and wheat flour. Therefore, as urban consumers in Jiangsu consume more of their food away from home, per capita consumption of grain products is expected to increase; while the per capita consumption of rice and wheat flour is expected to decrease. This is expected as rice and wheat flour purchases by the end consumer are basically for at-home food preparation. Because rice is an important component of food grain demand in China, accounting for over 60% of grain consumption and over 25% of land under food grain production during the past decade, the following section will focus on the analysis of rice demand.
An Analysis of Rice Consumption over the Period of 1995 Period of -2007 Similar to the trend in the national average, the average per capita at-home consumption of rice in urban Jiangsu province has been declining over the past decade. The average annual per capita at-home rice consumption decreased from 71.3 kg in 1995 to 56.2 kg in 2000 and to 50.2 kg in 2007. This section quantifies the contribution of prices, grain expenditures, and demographic variables to the decline in rice consumption over the 1995-2007 period, using the estimated structure with the cross-sectional data in 2004 which is presented in the previous section. The factors affecting the decrease in consumption are classified into three groups each of economic effects and demographic effects through a decomposition analysis.
Based on work of Heien and Wessells (1988) and Henneberry and Mutondo (2009) , a double-log functional form used for the prediction can be expressed as lnq t 5 P j e u ij ln p jt 1 P k e d ik ln d kt 1 e i ln m t . Thus, the percentage change in the dependent variable is the elasticity-weighted sum of the percentage changes in the independent variables. Since the annual compound rate of growth between two points T years apart is given by 1 T lnq t À lnq tÀT ð Þ (Heien and Wessells, 1988, p. 225) , the annual rate of change in the demand for rice can be calculated as the elasticity-weighted sum of the annual rates of change in prices, grain expenditures, and demographic effects. That is,
where t denotes the last year of the study period, T refers to the number of years of the study period, i refers only to rice, j denotes rice, wheat flour, coarse grains, and grain products, and k refers to demographic variables used in this analysis. Note that this analysis is on a per household basis. Data used for the decomposition analysis are from Jiangsu Statistical Bureau. Nominal prices (p j ) for rice, wheat flour, coarse grains, and grain products are calculated based on the quality-adjusted prices computed in this study and grain-price indexes for urban Jiangsu during 1995-2007. Nominal urban household grain expenditures (m) are calculated based on per capita grain expenditures and urban household sizes from 1995-2007. The demographic variables used in this decomposition analysis include household size, ratio of seniors to total household members, ratio of children to total household members, and ratio of FAFH spending to total food expenditures. Values for household size are directly obtained from the published urban household surveys in Jiangsu. Values for the ratio of seniors to total household members and for the ratio of children to total household members are computed from the statistics related to the number of household members by age-group, which is derived on the basis of the population age distribution and the average household size in Jiangsu. Data on Jiangsu population age distribution come from the 1% population sample surveys for 1995, 1999, and 2007, respectively . Of which, data for the year 1999 are used for the year 2000 due to unavailability of data for the year 2000. Values for the ratio of FAFH spending to total food expenditures are directly computed from the published urban household consumption statistics in Jiangsu (NBS, 1996 (NBS, -2005 . The variables described above are presented in Table 7 .
The impacts of changes in demographic and economic effects on the demand for rice are reported in Table 8 . As was described above, the demographic impacts are decomposed into the impacts related to changes in the household composition (i.e., combining the ratio of seniors, the ratio of children, and the household size together) and those related to the changes in the ratio of FAFH spending to total food expenditures. The results show that the changes in the household composition (column 1), which is the elasticity-weighted sums of ratio of seniors to total household members, the ratio of children to total household members, and the household size, caused annual rates of growth of 0.26% per year for rice consumption during the period 1995-2007; whereas the changes in the ratio of FAFH spending to total food expenditures (column 2) was responsible for annual rates of decline of 0.65% per year for rice consumption for the same period. Hence, the changes in these four demographic variables explain an important part of the decline in rice consumption over the past decade.
Economic impacts are decomposed into the impacts of the changes in own-price, crossprice, and household grain expenditures (Table  8 ). The decomposition results show that crossprice impacts are relatively smaller in absolute values as compared with own-price and household grain expenditure impacts. This was caused by the offsetting impacts of positive and negative price effects and the very small size of the cross-price impacts. Own-price and household grain expenditure impacts together were responsible for annual rates of reduction of 1.52% per year for rice consumption during the period 1995-2007. During the period 1995-2000, own-price impacts had a substantial positive effect on demand (5.56%) while household grain expenditure impacts had a slightly large negative effect on demand (26.45%). During the period from 2000 to 2007, own-price impacts had a substantially depressing effect on demand (25.40%) while household grain expenditure impacts had a considerably positive effect (3.43%). Therefore, the decline in the demand for rice in urban Jiangsu during the three studied periods was mainly attributable to own-price as well as household grain expenditure impacts. Notice that the opposite impacts of own-prices and household grain expenditures on rice consumption during the two periods (1995-2000 versus 2000-2007) are due to an opposite trend of variation in grain prices over these two periods (Table 7) . Column (6) of Table 8 gives the predicted rates of decline in quantity consumed per household during the periods of 1995-2000, 2000-07, and 1995-2007; and column (7) gives the actual growth rates. The discrepancy between the two figures can arise from normal equation error and/or changes in the structure of demand (Heien and Wessells, 1988) . This particularly applies to the situation during the period 1995-2000. Rapid income growth, aging of the population, and an increase in food away from home, etc., might have led to a change in the demand for food grain commodities. However, for the period of 2000-2007, the actual and predicted rates of decline in rice consumption are very close.
Conclusions and Policy Implications
A complete demand system of urban households for food grain commodities is estimated using the QUAIDS and AIDS specifications. All grain commodities are normal goods. Wheat flour and coarse grains are price elastic, while rice and grain products are price inelastic. All goods are net substitutes. The most significant demographic effects on the demand for grain commodities come from variables related to region, city size, household size, ratio of seniors to total household members, ratio of children to total household members, and ratio of expenditures for food-away-from-home to total food expenditures. Educational levels of household heads do not significantly influence the demand for food grain commodities in urban Jiangsu.
The causes of changes in the demand for rice in urban Jiangsu during the period 1995-2007 are decomposed into economic and demographic effects, based on the estimated demand structure. While demographic impacts relating to the changes in the household composition and in the ratio of FAFH spending to total food expenditures are shown as having an important impact on the annual change in rice consumption, economic impacts associated with the changes in own-price, cross-price, and household grain expenditure are mainly responsible for the annual change in the demand for rice. In particular, the decline in the demand for rice in urban Jiangsu over the past decade is largely caused by own-price and household grain expenditure impacts.
The decreasing trend of food grain consumption has significant implications regarding demand for food grains as well as feed grains. The change in dietary patterns away from rice and wheat coupled with the slowing of population growth rate because of the 30-years family planning policy is expected to decrease total demand for food grain commodities. It is therefore expected that China would be able to maintain its national policy goal of self-sufficiency for rice and wheat until 2020. Moreover, because more cropland is expected to be allocated to planting feed grains due to the decrease in the demand for food grains, China may import less feed grains in the future than has been anticipated. [Received April 2009; Accepted January 2010.] 
